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It has been reported that starvation causes massive autophagic phenomena in the midgut of insects (Bowen 1968 , Couch and Mills 1968 , Ferreira et al. 1981 . It was suggested there that the physiological role of the lysosomes is to conserve the energy of the cell by removal of extraneous synthetic machinery (Couch and Mills 1968, Filshie et al. 1971) . However, little is known (Bauer et al. 1977) in the fine structural level, about the effect of starvation on the morphology of the cellular organelles others than lysosomes. In this case, the Drosophila midgut, which the present work deals with, is a very suitable material, because of the great differenti ation of the cells along its length. Previous results (Dimitriadis and Kastritsis 1984) support that the gastric caeca of Drosophila auraria together with the anterior section of the posterior midgut (in contrast with the anterior and middle midgut) are the main secretory regions. These two regions produce a large number of secre tory granules, which discharge their content at the apical portion of the cells, in the space between adjacent microvilli. Starvation procedure In starvation experiments, actively feeding larvae of the early third or mid-third instar (about 90 and 120 hrs after oviposition, respectively) were selected and placed in clean covered plastic cups without food for 15 min, 30 min, 1, 2, 3, 4, 5, 7, 10, 15, 20 and 30 hrs. The cups contained only some drops of distilled water. This was found to be necessary, because the absence of water caused the drying of the larval skin and the death of the larvae. "Control" or "normal fed larvae" of the same instar were placed in similar cups containing Ohba's medium. near the microvilli (Fig. 2, Table 1 ). i.e., just prior to their secretion. Continuing the starvation, the number of secretory granules of gastric caeca cells gradually in creased and about 2 hrs after the beginning of the starvation it reached its peak value. Contrary to the "starved larvae", "normal fed larvae" (Fig. 1) presented about 3 times less secretory granules in gastric caeca cells (Table 1 ). In the other midgut regions there was no detectable increase in the number of the secretory granules (Table 1) . At the end of the same period (i.e. after 2 hrs of starvation) changes occurred in the infoldings of the basal plasma membrane of the caeca cells. These infoldings form extracellular compartments, that communicate with the haemolymph through narrow openings (Fig. 4) . After 2 hrs of starvation, a decrese in number of these openings in the gastric caeca cells was observed. So, "starved larvae" (Fig. 5 , Table 2 ) presented very few openings in the gastric caeca cells as compared to the "normal fed larvae" (Fig . 4, Table 2 ). There was no detectable decrease in the number of their openings in the other midgut regions (Table 2) .
At the same time, the extracellular compartments of the basal portion of the caeca cells appeared swollen, and the degree of the swelling was approximately proportional to starvation time (Fig. 5 ).
Long-time satrvation
After the 2 hrs starvation period, the number of secretory granules of the gastric caeca, as well as those of the other midgut regions, were gradually decreasing . After 3-4 hrs of starvation the number of the secretory granules was less than that found in "normal fed larvae". However, the caeca cells as well as the other midgut cells continued the production of secretory granules until larval pupation, i.e. about 35 hrs (the last 10 hrs is a non-feeding period).
Contrary to the larvae of the mid-third instar stage, "starved larvae" of the early third instar stage didn't pupate .
The infoldings of the basal plasma membrane during long-time of starvation con tinued to appear swollen (Fig. 6) and to present few openings as compared to the infoldings of the "normal fed larvae". After 15 and 20 hrs of starvation , the autophagic vacuoles and the lysosomes generally decreased in number , perhaps as an adaptation of the cells to non-feeding conditions.
Refeeding experiments
In these experiments, larvae starved for 3 and 6 hrs were placed in cups with food, where they began to feed immediately. So, after 3 hrs of larvae refeeding, the infoldings showed a morphological picture very similar to that of the "normal-fed larvae", while after 1.5hr of larval refeeding they showed an intermediate stage in
which the extracellular compartments were half-swollen. Discussion It has been reported that starvation affects the digestive enzyme production (Day and Powning 1949 , Rao and Fisk 1965 , Ferreira and Terra 1982 . Especially in the midgut of Drosophila melanogaster, the activity of proteolytic and amylolytic enzymes decreases 50% and 30% respectively after 4 hrs of starvation and this situation will remain stable for 7 hrs (Hosbach et al. 1972) . Our results seem to agree with this: in Drosophila auraria, the number of the secretory granules of midgut and caeca cells decreases after 3 hrs of starvation. As previous studies indicated , the mature secretory granules, which are produced from the Golgi complexes of the gastric caeca and from the midgut cells don't participate in lysosomal formation. In contrast they are secreted in the apical portion of the cells and are , possibly, related to the digestive enzyme activities of larval midgut (Dimitriadis and Kastrit sis 1984). However, the induction of great secretory activity in the gastric caeca cells during short-time starvation, it is possible that it could not be related to any digestive enzyme secretion; as it is already known, proteolytic and amylolytic activi ty is lacking from Drosophila caeca cells (Doane 1978 , Walker et al . 1980 . It is also unknown if the increase in the number of the secretory granules is either due to the lack of food or due to the stress, that the insect is subjected to , because of the enviromental change.
Other cellular formations which are found to react to starvation were the in foldings of the basal plasma membrane. These infoldings have been observed in a wide range of tissues. Amongst visceral tissues of insects , such infoldings usually occur in the midgut and in the rectal epithelium Wright 1960 , N oirot and Noirot-Timothee 1976) .
There is evidence that these infoldings are changeable structures . For example, these structures have a marked dependence upon the enviromental salinity (Mar shall and Wright 1974, Einsenbeis and Wichard 1977) .
The width and the number of the openings , by which the extracellular compart ments communicate with the haemolymph, is important . So, typical absorptive midgut or caeca cells presented only few openings to the heamolymph (Berridge 1970 ) . I n termites Cubitermes severus (Bignell et al. 1982 ) large openings were supposed to help an enhanced influx of fluids from the haemolymph.
The gastric caeca of many larvae are considered to play an important role in fluid transport to the haemolymph (Wigglesworth 1933 , Ramsay 1950 , Ferreira et al. 1981 . In the gastric caeca of Drosophila auraria the decrease in number of the openings after 2 hrs of starvation, probably occurs in order to prevent the fluid tran sport from the caeca lumen to the haemolymph. Indications, which probably sup port this conclusion are: A) The swelling of the extracellular compartments of the gastric caeca cells, that occurs after short-time starvation. As the results of "con trol larvae" have shown, the swelling doesn't arise from differences in the osmo larity of the fixative as have been found in other tissues (Marshall and Wright 1974) . Correlation of changes in the volume of extracellular compartments with ion and water transport mechanism must be regarded with caution (Marshall and Wright 1974) . Nevertheless, it could be suggested that the swelling is a result of the fluid accumulation, that can not be transported to the haemolymph. B) The fact, that refeeding of the "starved larvae" reverses all these morphological changes.
Finally we must point out that the explanation of these phenomena in cellular level is not easy and interpretation must be always cautions.
Abstract
Short-time starvation (until 2 hrs) of Drosophila auraria larvae at the early third or mid-third instar affected the fine structure of the gastric caeca epithelial cells but had no effect on the cells of the anterior, middle and posterior midgut regions. In gastric caeca cells starvation produces: (1) an abrupt increase in the number of secretory granules, (2) dilation of the infoldings of basal plasma membrane, (3) decrease in the number of the openings by which the haemolymph communicates with these cells. Refeeding of the starved larvae reverses all these changes.
After the 2 hrs starvation period, the number of the secretory granules produced by the gastric caeca and by the midgut cells decreased gradually. About 3-4 hrs of starvation the number of the secretory granules was less than that found in "normal fed larvae", but the cells continued the production of secretory granules until larval pupation.
